A new multiple crystal echocardiographic system was used to assess cross-sectional cardiac anatomy in real time in fifty infants and children with cyanotic heart disease, and the findings were compared to normals. Four 
presence of cyanosis in infants and young children, arterial desaturation is commonly the result of cardiac malformations in which the great arteries are transposed, or right ventricular outflow tract obstruction exists in association with a ventricular septal defect. Various attempts have been made with single crystal techniques to define the echocardiographic features of both transposition of the great vessels'-5 and tetralogy of Fallot."8 Nevertheless, they only provide a "flashlight beam" section of the heart that may not allow an accurate assessment of the spatial orientation of intra-cardiac structures. Thus, the data provided by single crystal echocardiography in the presence of complex alterations in intra-and extra-cardiac architecture are often difficult to interpret objectively. Unfortunately, stop-action crosssectional B scan imaging4 which avoids some of these problems is quite difficult to perform accurately and consistently in pediatric patients who do not comply with instructions to remain immobile.
Recently, a multiple crystal ultrasound technique (multiscan) was devised which provides real time, two-dimensional cross-sectional cardiac visualization.9'-" This approach greatly facilitates the noninvasive assessment of congenital heart disease since it allows a definition of great vessel orientation, cardiac chamber position, and outflow tract anatomy. The present report details our experience in the use of sagittal and transverse cross-sectional cardiac imaging with the multiscan method in evaluating the common forms of cyanotic cardiac malformations.
Cir2Cc a ation. Volume .50, August 1974 MULTIPLE CRYSTAL CROSS-SECTIONAL ECHOES Methods Fifty infants and children with cyanotic or potentially cyanotic heart disease (mean age 22 months; range, 1 day to 13 years) (table 1) were examined using a prototype multiple crystal echocardiographic system designed by Nicholaas Bom at Erasmus University in Rotterdam.11"13 Diagnoses were confirmed by standard hemodynamic and biplane cineangiographic techniques in each patient in the study group. The findings in this group were contrasted with those obtained from fifty normal infants and children. Data were retrieved on video tape and super 8 motion picture film from an oscilloscopic monitor. Occasionally, polaroid stills were obtained directly from the oscilloscope ( fig. 1) artery is to the left of, and anterior to, the aorta. Thus, the pulmonary artery is seen at the bottom of the multiscan cross-section. Cusp tissue within this anterior vessel may be found by a slight tilt of the transducer superiorly, whereas cusp tissue within the posterior vessel may be found by tilting the transducer slightly inferiorly. -m-.. t -. =-V---A--P-S forms of congenital heart disease, one patient with an atrial septal defect and a marked right ventricular volume overload had a septum which appeared to be displaced posteriorly from the anterior wall of the aorta in a manner quite similar to that seen in cyanotic tetralogy patients. Thus far, we have seen no other false positives with regard to the echo visualization of aortic overri.de, although initial difficulty in demonstrating septal-aortic continuity was experienced in an additional patient with aortic stenosis and insufficiency in whom the aurtic root was greatly dilated.
Additional findings of value using sagittal position 1 and transverse position 2 in each of the cyanotic patients with tetralogy included an increase in the cavity size of the right ventricle and a reduction in left atrial dimension. Right and left ventricular dimensions, as well as left atrial dimensions, were increased in the acyanotic group and also in patients with palliative systemic-pulmonary anastomoses.
Sagittal fig. 7 top) . The most important finding in patients with dtransposition was observed in the transverse position 4 ( fig. 8 ). In this view the anterior great artery was seen to lie to the right of the posterior great artery. Moreover, the course of the two great arteries may be traced from this plane in order to delineate their ventricle of origin. These maneuvers demonstrate that the anterior, rightward vessel (the aorta) originates from the right ventricle while the posterior, leftward vessel (the pulmonary artery) originates from the left ventricle. In the absence of dextrocardia we saw no other situation in which the anterior vessel was to the right. However, we recognize that rare forms of transposition may demonstrate unusual great artery orientation. ' limitation with all of these efforts relates to recognizing the spatial orientation of the single beam and, therefore, the exact position of the echo-producing structure. As a result, the standardization of single crystal techniques is difficult when dealing with deformed hearts and great reliance must be placed on individual examiner judgments for accurate diagnosis. Recently, King and his associates have employed stopaction, two-dimensional, B-scanning techniques in order to evaluate the spatial relationships between the great arteries.3 4 While these efforts result in more reliable anatomic information, the method is time consuming and extremely difficult to perform in small infants. Further, the instrumentation lacks portability, an important feature if premature and newborn infants are to be evaluated in intensive care nurseries. Since the multiscan approach avoids all of these difficulties, we believe that it offers promise to the noninvasive study of the heart of the infant or child.
It must be appreciated that the illustrations that accompany this report are but single frames derived from real-time motion studies that are visualized best on an oscilloscope. Furthermore, they have been subjected to photographic enlargement from a small format motion picture film, except for figure 1 which is an ECG-gated polaroid print. The use of ECG-gated polaroid exposures postdated the accumulation of data from the group of patients discussed in this report. Even with a polaroid system, it should be recognized that still pictures are quite difficult to obtain in children with rapid heart rates, and with slow camera shutter speeds designed to avoid phase interference. Some of the photographs which accompany this report have been retouched to a minor degree for illustrative purposes. Anatomic In the present study we have demonstrated that cross-sectional echocardiography allows a definition of superior and inferior, anterior and posterior, and right-left orientation of cardiac and extra-cardiac structures. Thus, the method is especially suitable for defining great artery and cardiac chamber orientation and position. We believe the multiscan approach will enjoy its widest applications as an initial test to establish diagnosis, as a pre-catheterization study to more appropriately plan the course of a subsequent hemodynamic investigation, and as a means for serially evaluating patients in whom anatomic findings may change with time. A particularly good example of the latter application was provided by the infant with transposition of the great arteries, referred to previously, who developed left ventricular outflow tract obstruction during the first year of his life. In addition, in an occasional patient confusion exists concerning the precise relationships between the semilunar and A-V valves, even after cardiac catheterization and angiographic studies have been performed. In this regard, especially in the presence of significant intra-cardiac shunting, it may be difficult to define with certainty whether or not mitral-aortic or mitral-pulmonic continuity exists in patients with suspected partial transposition of the great arteries and double outlet right or left ventricle. In these patients cross-sectional studies may offer important supplemental information in clarifying the angiographic findings.
Multiscan echocardiography is technically simple, without known risk, applicable to large numbers of patients, and provides clinically important information to assist in the diagnosis and management of infants and children with cyanotic congenital heart disease.
